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METHODS
To study the effect of left ventricular systolic function on the
Doppler transmittal flow, velocity pattern, Doppler echocardio-
graphic variables were correlated with hemodynamic indexes in
I I control subjects and 5B patients with heart disease . All under-
went cardiac catheterization performed with use of a Millar
micromanometer. The time constant of left ventricular isovolu-
metric pressure decrease and left ventricular end-diastolic myo-
cardial stiffness was calculated . The 58 patients were classified
into two groups according to ejection fraction : group 1 in = 30
;
ejection fraction >55%) and group If (n = 28 ; ejection fraction
<5a%) .
Compared with the control subjects, patients in group I had
impairment only of left ventricular relaxation (time constant 47 ±
9 vs. 38 t 3 ms; p < 0 .01), whereas patients in group 11 had,
in addition to impaired left ventricular relaxation (time constant
52 t 11 vs, 38 t 3 ms; p < 0.01), increased preload, increased
pulmonary capillary pressure (12 t 8 vs. 5 t 3 mm Hg; p < 0.01)
and increased myocardial stiffness (2,018 t 980 vs . 1,050 ±
Many investigators (1-3) have attempted to assess left ven-
tricular diastolic function noninvasively by using the trans-
mitral flow velocity variables measured by Doppler echocar-
diography. It has been reported (3) that impaired left
ventricular relaxation is associated with a transmitral flow
velocity pattern characterized by a decreased peak rapid
filling velocity, a prolonged deceleration half-time or an
increased ratio of atria] to rapid filling velocity . Recent
studies (4-7), however, have shown that some patients with
impaired left ventricular relaxation exhibit a relatively nor-
mat-looking transmitral flow velocity pattern and this mask-
ing of relaxation abnormalities has been ascribed to the
presence of mitral regurgitation and increased atrial pres-
sure . In addition, the left ventricular diastolic filling pattern
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218 gicma: p < 0.01). In group 1, there was a significant
partial correlation coefficient between the time constant and
deceleration half-time (r = 0 .54). In group 11, a strong correla-
tion existed between myocardial stiffness and peak atrial filling
velocity or = -0.71) and between myocardial stiffness and the
ratio of peak atrial to peak rapid filling velocity (r = -0.71).
Despite the impairment of left ventricular relaxation in group 11,
the deceleration half-time was shorter (72 ± 24 ms) than in the
control group 107 ± 13 ms; p < 0.05) or in group 1 (108 ± 27 ms
;
p < 0.01).
These data suggest that deceleration half-time reflects left
ventricular relaxation in patients with a normal ejectiaa frav,isn .
Conversely, in patients with a decreased ejection fraction, peak
atrial filling selocity reflects left ventricular stiffness and the
impairment of left ventricular relaxation does not influence sub-
sequent rapid ventricular filling .
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in dilated cardiomyopathy associated with an elevated left
ventricular filling pressure is different from that seen in
dilated cardiumyopathy associated with a normal left ven-
tricular filling pressure (8). Thus, the abnormal filling pat-
terns noted in patients with various diseases seem to be
heterogeneous .
Lavine et al . (9) . using gated blood pool scintigraphy
.
found two distinct patterns of diastolic filling in patients with
aortic stenosis
. In those whose left ventricular syettlic
function was preserved, the peak rapid filling rate was
decreased and the peak atrial filling rate was increased
.
Conversely
. in those whose left ventricular systolic function
was impaired . a greater percent of the stroke volume entered
the ventricle in the first third of diastole . Such dependency of
the filling pattern on systolic function is also seen in patients
with coronary heart disease and in patients with dilated
card iumyopathy who have severe left ventricular systolic
dysfunction . These data suggest that left ventricular systolic
function may be an additional determinant of left ventricular
diastolic filling
. Although the latter is known to be influenced
by several factors, such as pericardial constraints (10) and
0755-1057i9153.50
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left ventricular rclaxution (3 .11), compliance (12) and filling
pressure (7 .8 .13), little is known regarding the relation
between left ventricular systolic function and diastolic filling
characteristics .
In this study, therefore, the ejection fraction was used to
separate patients into two groups and the variables of
Doppler transmits) flow velocity were compared with the
indexes of left ventricular relaxation and myocardial stiff-
ness obtained from cardiac catheterization in these groups .
Methods
Study patients. The study group included 69 consecutive
patients whose transmitral flow velocity was obtained suc-
cessfully with Doppler echocardiography within 4 days (in
most cases, within 2 days) of diagnostic cardiac catheteriza-
tion performed between October 1987 and February 1990 .
Patients with atrial fibrillation, rheumatic heart disease,
aortic valve disease, structural mitral valve disease and
pericardial disease were excluded . All subjects had normal
sinus rhythm and were clinically stable
; their medications
were not changed during the interval between the two
studies . Therefore, although the Doppler examination and
cardiac catheterization were not performed simultaneously,
we do not consider that left ventricular diastolic function
altered significantly between the bve studies
.
Eleven ofthe 69 patients had normal findings on physical
examination, chest X-ray study, electrocardiography (ECG),
echocardiography, determination of routine hemodynamic
variables, left ventricular cineangiography and coronary
arteriography . They were diagnosed as having atypical chest
pain and served as the control group . Of the remaining 58
patients, 26 had coronary artery disease, 14 had hyper-
troph e cardiomyopathy . 15 had dilated cardiomyopathy,
2 had chronic myocarditis and I patient had hyperten-
sive heart disease . The diagnosis was based on cardiac
catheterization, coronary arteriography and left ventricular
cineangiography . In addition, endomyocvriial biopsy was
performed in the subjects with cardiomyopathy and myo .
carditis.
All 58 patients (but not the 11 control subjects) were
classified into two groups
according to the ejection fraction
measured by left ventricular cineangiography
. Group I com-
prised 30 patients (14 with coronary artery disease, 14 with
hypertrophic cardiomyopathy and 2 with myocarditis) with a
normal ejection fraction >55%
; group 11 comprised 28
patients (12 with coronary artery disease, 15 with dilated
cardiomyopathy and 1 patient with hypertensive heart dis-
ease) with an ejection fraction <50% .
Doppler echocardiographic examination . Pulsed wave
Doppler echocardiograms were obtained with a Hewlett-
Packard model 77020AC imaging system . The frequencies of
the transducers used were 3 .75 and 2 .5 MHz. Flow velocity
signals, the ECG and the electrophonocardiogram were
recorded on a strip chart and a videocassette tape at an
equivalent paper speed of 50 or 100 mmls
. The recorded
IACC Vol . 18. No. 3
sep¢mber 1991:753-6a
Doppler flow velocities were played back on the videocas-
sette system and all measurements were made with the aid of
an off-line computerized programmable graphic analyzer . All
values were obtained as the mean of five beats .
Subjects were examined in the left lateral position
. The
transducer was oriented to obtain an apical long-axis view of
the heart that provided good visualization of the left ventric-
ular cavity and the maximal excursion of the mitral valve
anulus
. Transmittal flow velocity recordings were obtained
by setting a sample volume in the mitral orifice close to the
tip of the mitral leaflets in diastole . Its position was adjusted
carefully until the highest peak rapid filling velocity was
recorded and the quality of the Doppler waveform was
optimal . Peak filling velocities in the ventricular rapid filling
period and during the atria) contraction phase were com-
puted . The deceleration half-time of mitral flow velocity in
early diastole was measured from the time of peak rapid
filling velocity to the time of 50% of peak rapid filling
velocity at the mid-point of the descending limb of the early
diastolic flow velocity curve . In addition, the ratio of atrial to
rapid filling velocity was calculated .
Cardiac catheterization. All patients gave informed con-
sent . Premedication consisted of diazepam (5 mg) given
orally 1 h before cardiac catheterization. The procedure was
performed by the percutaneous femoral approach . After
routine right heart catheterization with a Swan-Ganz cathe-
ter, left ventricular pressure was obtained from a Millar
microtip catheter (8F pigtail with side holes). When the
Millar microtip catheter was used, the baseline drift was
checked by comparison with a Statham P23Db transducer
connected to the fluid-filled lumen of the catheter . The zero
level of the fluid system was set at the mid-chest point . Mean
pulmonary capillary pressure was obtained with the Swan-
Ganz catheter, and left ventricular end-diastolic pressure
was measured at the end of atrial contraction when the
positive derivative of left ventricular pressure (dP/dt) be-
came zero. The time constant of the left ventricular isovol-
umetric pressure decrease was calculated by the method of
Weiss et al. (14).
Left ventricular biplane cineangiography was performed
with a Millar catheter. The left ventriculogram in the 30°-
right anterior oblique projection was outlined at end .
diastole . The semi-major and semi-minor axes were obtained
from end-diastolic ventricular silhouettes and wall thickness
was measured at the anterior surface of the mid-left ventri-
cle . Left ventricular volume was calculated with use of a
filmed grid of known dimensions. Global end-systole was
defined as the time when left ventricular volume reached its
minimum ; ejection fraction was calculated in the usual
fashion . The myocardial stiffness at end-diastole and circum.
ferential mid-wall stress were computed by the method of
Mirsky et al. (15) .
Statistical analysis. Results are expressed as mean values
'_ SD . Statistical comparisons between groups were per-
formed with use of analysis of variance
; differences between
two groups were tested by Student's r test . Because mitral
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sememner Ivenvs3-ml
Table 1. Hcmodynamic Variables in I I Control Subjects and Fh
Panents
Control group= patients with atypical chest pain : EF = ejection fret n. HR - heart ;it, : Grn to I - percale in, au rloo- traction >559> : Group II =
patients with an election fraction <50Sf : LVEDP - left ventricular end diosmlic pmsm¢ : LVEDV - left rennicWar end diatolic oolvma : Pa. Ph. Pc,
respectively. indicate p values compeing control _group versus group I . control group oenus group II, group I across group II: PCP = mean pulmonary capillary
pressure
: Se = end-diastolic myocardial liffness. T = time constant.
flow velocity has multiple determinants, the correlation
between the hemodynamic and Doppler variables was ana-
lyzed by using the partial correlation coefficient. which
eliminates the effects of other hemodynamic variables . and
the results were tested for statistical significance under the
null hypothesis that the population correlation was zero . A
statistically significant result was taken as p < 0 .05,
Results
°cmodynamic variables ('fable 1) . There were no signif-
icant differences in age and heart rate among the three
groups. Patients in group 1 had a mean ejection fraction of
67 ± 7% (p = NS vs. the control group), and patients in
group II had a mean ejection fraction of 34'- 11% (p < 0,01
vs. both the control group and group 1) . Left ventricular
end-diastolic volume was greater in group 11 (232 ± 62 ml)
than in croup 1 (132 ± 30 ml ; p < 0
.01) . Both mean
pulmonary capillary pressure (12 t 8 mm Hg) and left
ventricularend-diastolic pressure (16 = 9 mm Hg) in group It
were higher (p < 0.01) than values in group 1 (6 t 3 and
11 ± 4 mm Hg, respectively) . Groups I and Il had larger
time constant values (47 ± 9 and 52
.
I I ms . respectively)
than did the control group (38 ± 3 ms ; p < 0.01) . Group II
had greater end-diastolic myocardial stiffness (2,018 t
980 g/emt) than did group 1 (925 t 294 glcme ;
p < 0 .01),
whereas the mean value in group I was similar to that in the
Table 2 . Doppler Transmi al Flow Velocity Variables in the
Three Study Groups
DHT
	
E A A E
Ins) lone! Icm"l Ratio
Control tn-ln 87x13 14 .2_103 37606.2 072x11.17
Gmup I In = 30) 108 ' 27 52 .5 ' 11 .3 48 .1
0
16.4 0,94
0 0.32
Group It in = 28)
72
^- 24
62 .5
18.9 45,8
x 21 .8 0.82 (146
Pa
0,01
NS 0 .05 1115
Pb
0.05
NS
NS NS
Pc
00! 0.05 Ns NS
AlE ratio
-
the ratio of peak atria( filling ache(! It ntrrd cdmraumn IA)
to peak rapid filling vol a,i,, in early diastole IEI : DHT - decelemGon
half Time: other abbreviations as in Table I .
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control group 11,050 218 g/em , : p - NSI . Two of the 30
patients in group I and I I of the 28 patients in group II had
mild to moderate mural regurgitation: patients with severe
milral regurgitation were not included in the study .
Doppler echocardiographic data (Table 2) . Compared
with the values in the control group (87 -_ 13 ms) . deceler-
ation half-time was longer in group 1 (108 = 27 ms ; p < 0.011
and slightly shorter in group 11 (72 - 24 ms : p < 0.05) . The
peak rapid filling velocity was significantly higher in group II
(62.5 - 18 .9 cm/s ; p < 0.05) than in gro.lp 1 . The peak atrial
filing velocity and the ratio of alrial to rapid filling velocity
were both slightly higher in group 1 (48 .3 - 16.4 cmls and
0.94 -- 0.32 . respectively) than in the control group (37 .6
6.2 emls and 0 .72 * 0 .17, respectively : both p < 0.05) .
Correlation between the hemodynamic and Doppler echo
.
cardiographic variables (Table 3). We analyzed the correla-
tion between the hemodynamic and Doppler echocardio-
graphic variables by using partial correlation coefficients to
remove the effects of other hemodynamic variables . In group
I (normal ejection fraction) . there was a significant positive
correlation only between the time constant and deceleration
half-time (r = 0.54
; p < 0
.01) (Fig. 1)
. Conversely, in group
11 (reduced ejection fraction), no significant correlation was
observed between the Doppler indexes and the lime con-
stant . In group 1
. no correlation existed between the Doppler
indexes and end-diastolic myocardial stiffness . However, in
group 11, there was an excellent inverse correlation between
end-diastolic myocardial stiffness and the ratio of aerial to
rapid filling velocity (r
-
-0.71 : p < 0.001) and between
end-diastolic myocardial stiffness and peak alrial filling ve-
locity (r - -0 .71 ; p < 0.001) (Fig . 2). In addition, end-
diastolic myocardial stiffness showed a weak inverse corre-
lation with deceleration half-time (r = -0 .47: p < 0 .05),
Discussion
Transmittal flow velocity pattern and its relation to left
ventricular diastolic function in patients with a normal ejec-
tion fraction (group I). The time constant of the left ventric-
ular isovolumetric pressure decrease was significantly higher
in group I than in the control group, indicating that left
Age
tort
lilt
Iheits'mim EFIr%1
IVEDV
(ton
LVEDP PCP
Imm Hgl Imm He) Imo -1
C-1.1 (a = III 55 m 11 66 x 4 Is ' - 41 9'3 _ 3 !1107 I F0-216
Grnup I (n = 301
52 x 12 67 I I 6r 7
t2
ill l I o 4 6 3 .i -
. 9 - 294
Group Ill( = 28!
411 x I7 74 - 14 54 _ 1! 016 - 6011
FS NSPa NS N5 NS NS u01 NS
Pb Ns NS <0.ul <1101 -0,155 lot)] <001 <am
Pc N5 NS '1101 at91 ti1 .15 <061 Ns <om
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]'able 3 .
Partial Correlation Coefficients Between the Hemody'namic and Doppler Echocardiographic Variables in Groups I and 11
R0
70
•
n
„
•
30
E so
30
zD 1 --	
60 Be 10D 120, 140 160 180 200
DHT (ms)
	p c 0
.01'.
tp 0 0
.05
:--p 0 0 .1101 . Abbreetalions as in Tables I and 2 .
ventricular relaxation was impaired in group 1 . Because
other hemodynamic variables were not different from those
of the control group, group I was characterized as having
normal systolic function and impaired left ventricular relax-
ation (Table I).
The peak rapid filling velocity in group I was not different
from that in the cotrtool group (Table 2), in contrast to
previous reports (16-I8) demonstrating a reduction in peak
rapid filling velocity with impaired left ventricular relax-
ation. This discrepancy may be explained as follows. We
classified patients into two groups on the basis of ejection
fraction, so that patients with several types of transmitral
flow velocity patterns were included in each group
; 12
patients in group 1 exhibited reduced rapid filling velocity
followed by increased atria) filling velocity (Fig. 3A), a
pattern compatible with that previously demonstrated (1-3)
in patients with impaired left ventricular relaxation. The
remaining 18 patients in group I exhibited a markedly
prolonged deceleration half-time despite a normal ratio of
atrial to rapid filling velocity (Fig . 3B). The averaging of such
Figure 1 . Correlation between the time constant and deceleration
half-time (DHT) in patients with a normal (>55%) ejection fraction
(group 1). The significant correlation indicates that deceleration
half-time reflects impaired left ventricular relaxation . r = partial
correlation coefficient .
O
•
• • e 4e•
i
Group I In = 30)
0
n=30
r-0 54
p<O .UI
Grace II le = 28)
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scattered values for the flow velocity must have masked the
changes in peak rapid filling velocity in this group
.
Some other factors also should influence the peak rapid
filling velocity, including peak ejection rate (19), elastic
recoil (20), left ventricular relaxation (t8), atrioventricular
pressure gradient at mitral valve opening
(12), pericardial
constraints (13), age (21,22) and heart rate (23,24) . In group
1, however, there were no significant differences from the
control group in age. heart rate, ejection fraction or mean
pulmonary capillary pressure and only two patients had mild
mitral regurgitation . In addition, peak rapid filling velocity
did not correlate with any of the hemodynamic variables
.
Therefore, our data strongly suggest that measurement of
peak rapid filling velocity cannot always detect changes in
left ventricular relaxation in patients with normal systolic
function.
When compared with the control group, group I demon-
strated a prolonged deceleration half-time (Table 2). This
was consistent with previous observations (1-3) that such
changes reflect impaired left verricular relaxation . Among
the Doppler indexes obtained, only deceleration half-time
showed a good correlation with the time constant (Fig . I) .
This finding is supported by the previous observation (25)
that left ventricular relaxation can influence the time course
of changes in left ventricular pressure and dimension during
the diastolic filling period <3 .5 time constants after maximal
negative dP/dt . Both peak atrial filling velocity and the ratio
of atrial to rapid filling velocity were significantly higher in
group I than in the control group (Table 2), but these values
were not correlated with the time constant (Table 3) . This
finding suggests that patients with normal left ventricular
systolic function but impaired left ventricular relaxation tend
to have an increased atrial filling velocity, but that the
increase is not directly related to the degree of impairment of
left ventricular relaxation
(25). Thus, deceleration half-time
reflects left ventricular relaxation and could be a good
indicator for assessing left ventricular relaxation in patients
with preservation of left ventricular systolic function .
End-diastolic myocardial stiffness showed no significant
difference between the control group and group I and no
correlation was observed between stiffness and any of the
Doppler indexes, suggesting that end-diastolic myocardial
stiffness had little effect on left ventricular filling in group 1
.
Therefore, none of the Doppler indexes appeared to reflect
end-diastolic myocardial stiffness in patients with normal left
PCP
LVEDP T Se PCP LVEDP T Se
FAIT -0.01 024 054' -0 .09 -0.04 -0.06
0 .22 -0.471
E -0A1 -0 .09 -0 .19 0 .40 -0.16 0.14 -0
.04 0.35
A -0.10 012 -0 .17
-0 .10 -0.19 0.04 -0,20 -0.712
AIE 0.13
0 .17 -0 .06 -0 .30 -0 .19 -0.01 -0 .18 -0.711
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ventricular systolic function, although the relatively narrow
range of values for end-diastolic myocardial stiffness 1572 to
1,570 glcmt) in our group I and control subjects may have
precluded the detection of a relation between stiffness and
Doppler velocities .
Transmittal flow velocity pattern and its relation to left
ventricular function in patients with a decreased ejection
fraction (group I1). In group II (decreased ejection fraction)
.
the time constant of the left ventricular isovolumetric pres-
sure decrease was significantly larger than in the control
group (Table I) . In addition, left ventricular end-diastolic
pressure, mean pulmonary capillary pressure, left ventricu-
lar end-diastolic volume and end-diastolic myocardial stiff-
ness were significantly greater than values in the control
group and in group I, The decrease in ejection fraction
despite an increase in preload suggests that there was a
decrease in left ventricular contractility (26). so that group II
was characterized by decreased left ventricular contractility.
impaired relaxation and increased end-diastolic wall stiff-
ness .
The peak rapid filling velocity tended to be greater in
group 11 than in the control group (p = NS : Table 2) . Similar
to group 1, several patterns of diastolic filling were seen in
group II . A typical pattern was characterized by a higher and
steeper curve for rapid filling velocity . followed by a reduced
atrial filling velocity (Fig . 4A), a pattern similar to that seen
in dilated cardiomyopathy (4-7) . coronary heart disease (271
and aortic stenosis (9) . Another pattern was characterized by
a decrease in peak rapid filling velocity . followed by aug-
mentation of atrial filling velocity (Fig . 4B). Averaging such
scattered velocity values may have eliminated any differ-
ences in peak rapid filling velocity and atrial filling velocity
between group 11 and the control group (Table 21 .
Nevertheless, the significantly higher peak rapid filling
velocity and shorter deceleration half-lime in group II than in
group I indicate that the rrachanism of rapid filling was
HISICa:1 Er vL .
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Figure 2. Corralal s between end-diastolic m
,,dial
;lioness
and peak ulrial filling velocity (A) (left panel) and between end .
diastolic myocardial stiffness and the ratio of atrial to rapid filling
velocity IA EI (right panel) in patients with a low (<505f) ejection
traction (group II). The good correlations suLest that end -diastolic
myocardial stiffness is a major determinant of atrial filling velocity,
r = partial correiauuu coefficient.
different in group It . In group II . I I of the 28 patients had
mild to moderate functional mural regurgitation and mean
pulmonary capillary pressure was higher than in the control
group . Mural regurgitation and elevated pulmonary capillary
pressure are reported (6,7) to increase peak rapid filling
velocity and this mechanism may have operated in group Il .
Also, in patients with left ventricular dysfunction and a third
heart sound . a steep increase in left ventricular pressure
from the nadir to the end of rapid filling may cause a reversal
of the transmitral pressure gradient and, hence . a more rapid
deceleration of inflow (28)
.
Such a reversal of pressure
gradient is possibly produced by an increase in left vents -
ular stiffness because the rapid expansion of the left ventricle
by active myocardial recoil can be interrupted early in the
rapid filling period by an increase in stiffness (29-31) . The
significant inverse correlation between stiffness and deceler-
ation half-time (Table 3) may be indicative of increased static
stiffness of the left ventricle in group 11 . Such a mechanism
should shorten the deceleration half-time as observed in this
group . Because all of these factors may override the effects
of impaired left ventricular relaxation on the rapid filling
pattern in group II, the Doppler indexes do not always reflect
left ventricular relaxation in patients with left ventricular
dysfunction.
A strong inverse correlation was observed between end-
diastolic myocardial stiffness and peak atria[ filling velocity
or the ratio of atrial to rapid filling velocity (Fig . 2) . This
finding suggests that end-diastolic stiffness may determine
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EF=66%
PCP=10 m
.Hg
T=66 m
Se=990 sg/cm'
DHT=178 res
E=37 .5 can/ s
A=28 .8 cm/s
A/E=0 .77
Figure 3. Mitral flow velocity in two patients with a normal (>55%)
ejection fraction (EF) (group 1) . In Patient B (bottom panel), the
deceleration half-time (DHT) is markedly prolonged compared with
that in Patient A (top panel), although the ratio WE) of the peak
atrial filling velocity (A) to the peak rapid filling velocity (E) is higher
in Patient A than Patient B . The time constant (TI is markedly higher
in Patient B than Patient A
. Impaired left ventricular relaxation is
associated with a prolonged deceleration half-time, which appears to
be a more sensitive index for evaluating left ventricular relaxation
than the ratio of atria] to rapid filling velocity . PCP = mean
pulmonary capillary pressure, Se = end-diastolic myocardial stiff-
ness .
atrial filling . In a previous study (24) the atrial contribution to
ventricular filling was significantly reduced when left ven-
tricular end-diastolic pressure was increased . Although there
was no significant correlation between peak atrial filling
velocity and left ventricular end-diastolic pressure in our
study (fable 3)
. the discrepancy between the previous
results (24) and our findings could be explained by differ-
cnces in the methods used to analyze the correlation
; the
A
EF=128
	
DHT=32 m
PCP=32 mmHg E=62
.0 cm/s
T-69 m
A-15 .8 cm/s
Sc=3,851 g/cm
2
A/E=0,26
EF=33%
PCP=7 mmH9
T=46 M.
Se=926
g/cm2
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DHT=64 Ins
E=79 .n CM/-
A=87 .8 cm/s
A/E=1 .11
Figure 4. Mitral flow velocity in two patients with a low (<509,)
ejection fraction (EF) (group I1) . The mitrai flow velocity pattern in
Patient A (lop panel) shows a markedly shortened deceleration
half-time (DHT), an increased peak rapid filling velocity (E) and a
marked decrease in both the peak atrial filling velocity (A) and the
ratio of atrial to rapid filling velocity (A/E) . Patient A had a severely
reduced ejection fraction, increased mean pulmonary capillary
pressure (PCP), a larger time constant (TI and markedly increased
end-diastolic myocardial stiffness (Se) . The mitral flow velocity
pattern in Patient B (bottom panel) shows increased peak atrial filling
velocity and ratio of atrial to rapid filling velocity in contrast to
Patient A . Patient B has less end-diastolic myocardial stiffness than
does Patient A .
analysis in the previous study was performed by a simple
regression analysis, whereas we analyzed the correlation
using a partial correlation coefficient
. In fact, we also ob-
tained a weak but significant correlation between end-
diastolic pressure and atrial filling velocity in group II when
a simple regression analysis was used . Left ventricular
end-diastolic pressure is one of the determinants of chamber
stiffness .
EF=66%
D T=149 Its
PCP=5 mmtig
T=49
ms
Se-956
g/om'
E=44 .4 car/.
A=72 .6 cm/s
A/E=1-64
B
E
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Therefore, the considerably high correlation of atrial
filling to ventricular stiffness leads to the conclusion that
ventricular filling during atrial contraction is primarily de-
pendent on chamber stiffness. End-diastolic myocardial stiff-
ness represents the resistance of the left ventricular myocar-
dium to passive stretch at the time of atrial contraction (15)
Therefore, one can expect that the extent of left ventricular
filling with atriai contraction will be reduced in proportion to
myocardial stiffness . Thus, the decrease in peak atrial filling
velocity observed in group Il could be caused by an increase
in left ventricular myocardial stiffness at the time of atrial
contraction . We cannot, however, neglect the possibility
that the decrease in atrial filling velocity was due to a
decrease in the contractility of the left atrial myocardium .
This remains to be further investigated .
Limitations. We classified our patients into two groups
according to ejection fraction and found that the mitral flow
velocity pattern could be modified in patients with evidence
of impaired left ventricular systolic function . This finding is
consistent with the observations of Lavine et al . (9)
.
How-
ever, our data were obtained in heterogeneous patient
groups ; groups I and If differed not only in ejection fraction,
but also in mean pulmonary capillary pressure and left
ventricular end-diastolic volume. A decrease in ejection
fraction is frequently associated with an increase in pulmo-
nary capillary pressure and this increase should modify
mitral filling velocity . Therefore, it is unclear at present to
what extent pulmonary capillary pressure had modified
mitral flow velocity in group 11, although the partial corre-
lation analysis showed no significant relation between pul-
monary capillary pressure and the Doppler indexes .
Clinical implications. The deceleration half-time reflected
left ventricular relaxation in patients with a normal ejection
fraction (>55%), whereas in patients with a reduced ejection
fraction (<50%), both peak atrial filling velocity and the ratio
of atrial to rapid filling velocity reflected abnormal end-
diastolic myocardial stiffness . Thus, before left ventricular
diastolic function is assessed by pulsed Doppler echocar-
diography, important variables of left ventricular systolic
function (such as ejection fraction) should be evaluated .
Transmittal flow velocity should be measured after systolic
function has been evaluated . In addition, evaluation of
diastolic function from the Doppler variables should be
performed separately in subgroups classified according to
whether systolic function is normal or reduced . Adopting
such a procedure should provide more precise information
on left ventricular relaxation and wall stiffness than that
obtained without taking left ventricular systolic function into
consideration ; it should also improve the clinical usefulness
of Doppler indexes for assessing left ventricular diastolic
function .
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